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 ABSTRACT  Discontinuous current mode (DCM )LCC resonant converter with inductive filter operation  can be  
achieved by zero-current switching (ZCS) for both the power switches and rectifier diodes. Therefore, it is applicable  for 
high-power, low-voltage, high-current power supplies. The DCM LCC resonant converter with inductive filter might 
operate in different operating modes when input voltage or load changes, which challenges the design. This paper 
derives a mode boundary map, from which the operating mode of the converter can be easily determined. Based on the 
mode boundary map, a generalized optimal design procedure is proposed and a set of optimal and normalized 
converter parameters is determined, which can be easily converted into real parameters according to the converter 
specification. The converter can achieve the highest efficiency over the entire input voltage and load range. 
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I.INTRODUCTION 
This paper is organized as follows.  The possible 
operating modes of the DCM LCC resonant 
converter with inductive filter are briefly review, 
the mode boundary map is derived, the steady-
state characteristics of the converter are given & 
a set of optimal and normalized converter 
parameters is determined based on the mode 
boundary map. In Section VI, three 50 V/100 In 
these two prototypes, one is designed with the set 
of parameters from , and the other is designed 
with the parameters so that it acts as a DCM PRC. 
The experimental results verify that the 
prototype with the proposed set of parameters 
achieves a higher efficiency than the other two 
prototypes over the entire input voltage and load 
range.  

 
Figure 1. Block diagram of LCC resonant 

converter with inductive filter 
 Block diagram consists of blocks namely 
resonant converter, AC-DC converter, filter and 
load. Resonant converter includes DC-AC 
converter, LCC and transformer. DC-AC converter 
consists of four IGBTs. IGBTs are used to reduce 
the switching losses and Lr which indicates sum 
of the transformer’s resonant inductor, leakage 

inductor. 𝐿𝑓  and 𝐶𝑓  forms inductive filter. 
 

II. PROPOSED TOPOLOGY  
As shown in Fig.2, a transformer T2 is inserted 
into the resonant tank in series connection with 

Lr, Cr and T1; a bidirectional switch, configured 
by S5 and S6, is paralleled with the primary 
winding of the transformer T2 to enable or 
disable T2 by controlling the bidirectional switch. 
The secondary sides of the transformers T1 and 
T2 are connected in parallel through two rectifier 
circuits to share the load.. In this case, the LLC 
converter operates as a conventional one. When 
the input voltage is greater than the threshold 
Vth, the bidirectional switch turns off and the 
total magnetizing inductance in the primary side 
will increase from Lm1 to Lm1+Lm2, reducing 
the magnetizing currents. In this way, the DC gain 
range is extended while keeping magnetizing 
current low. In addition, by keeping S4 conducted 
and turning off S3 permanently, the full bridge 
structure will change to half bridge structure, 
which will further double the DC gain. In 
summary, there are four operation configurations 
in this proposed topology illustrated as follows:  

 
Figure 2: Proposed LLC converter 

 

III DESIGN PROCESS             
In accordance with the point an exact margin find 
out normalized parameters: A specific margin 
ought to be reserved to avoid a converter from 
going into the non-ZCS part, Mode 3, or 
continuous mode when applying the parameters 
set of the point A which are given in table . It 
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implies λ, 𝐼𝑜𝑁 , 𝑉𝑜𝑁  and 𝑓𝑠𝑁  ought to be lesser 
than that at point A. The complete “converter 

specification” consists of 𝑉𝑖𝑛 _𝑚𝑖𝑛 , the full load 

current 𝐼𝑜_𝑚𝑎𝑥  ,  𝑉𝑜 ,  highest switching frequency 

𝑓𝑠_𝑚𝑎𝑥  ,when these are given, λ, 𝐼𝑜𝑁 , 𝑉𝑜𝑁  and 𝑓𝑠𝑁  

can be changed into true converter parameters as 

     n = 
𝑉𝑜𝑁 𝑉𝑖𝑛 _min    

𝑉𝑜
  ….……………………….………...1  

     𝐿𝑟 =  
𝑛𝑉𝑖𝑛 _𝑚𝑖𝑛  𝐼𝑜𝑁 𝑓𝑠𝑁

2𝜋𝑓𝑠_𝑚𝑎𝑥 𝐼𝑜 _𝑚𝑎𝑥
  ………………………..…..…2  

   𝐶𝑝
′ = 𝑛 1 + 𝜆 𝐼𝑜_𝑚𝑎𝑥 𝑓𝑠𝑁 /8π𝑓𝑠_𝑚𝑎𝑥

𝑉𝑖𝑛 _𝑚𝑖𝑛  𝐼𝑜𝑁  

…..….3   

   𝐶𝑠 = (1+𝜆) 𝐼𝑜_𝑚𝑎𝑥 𝑓𝑠𝑁 /(2π𝑓𝑠_𝑚𝑎𝑥 𝑛𝑉𝑖𝑛 _𝑚𝑖𝑛  𝐼𝑜𝑁)     

                      …..……….. ….………………………...4    
  
 

IV.SIMULINK RESULTS AND OUTPUTS 
 Simulation circuits  
The proposed topology is modeled on 
𝑀𝐴𝑇𝐿𝐴𝐵𝑇𝑀  R2012a. Figure 3 shows Simulink 
model of major circuit of converter. 

 
 

Figure 3 Simulink model of main circuit of  LCC 
resonant converter with inductive filter. 

 
 Simulation results of two parameters                     
Two parameters of LCC resonant converter in 
discontinues mode has composed with similar 
specification, where minimum 𝑉𝑖𝑛  = 500 V, 
maximum 𝑉𝑖𝑛 = 600 V,  𝑉𝑜  = 50V, 𝐼𝑜_𝑚𝑎𝑥  = 100 A, 
and 𝑓𝑠_𝑚𝑎𝑥 = 23kHz. 
Parameters 
        Lr      Cs     C’p  n:1:1 

Parameter 1 180 
μH 

0.37 
μF 

0.76 μF  7:1:1 

Parameter 2 125 0.27 0.60 μF  6:1:1 

μH μF 

 Parameter 1180 μH 0.37 μF 0.76 μF  7:1:1 
Parameter 1 is designed at point A with the set of 
parameters. To maintain a definite margin, we 
pick λ =0.21, 𝐼𝑜𝑁=1.7, 𝑉𝑜𝑁  =0.7, and 𝑓𝑠𝑁  =0.44. 
Figure 4  shows experimental wave forms when 
𝑉𝑖𝑛 =500V and 𝐼𝑜=100A. For comparison these two 
parameters uses same IGBTs, rectifier diodes, 𝐿𝑓  

and𝐶𝑓 , where 𝐿𝑓  =40 μH and 𝐶𝑓=3760 μF. In both 

the parameters IGBTs accomplish ZCS at 
minimum 𝑉𝑖𝑛 , load. Like in Figures 4 when 
𝑉𝑖𝑛 =500V and 𝐼𝑜=100A, parameter 1 operate 
close the boundary of Mode1 and non-ZCS area. 
Below figure 4 shows efficiency waveforms of 
parameter 1 where at full load and minimum 
input voltage converter achieves high efficiency. 
  

 
Figure4: Experimental waveforms of parameter 1 

when 𝑉𝑖𝑛 =500V and 𝐼𝑜=100A. 

 
 

Figure 5: Efficiency waveforms of parameter 1 
when 𝑉𝑖𝑛 =500V and 𝐼𝑜=100A 

Parameter 1 with  𝐿𝑟=180μH,  𝐶𝑠=0.30μF, 𝐶′𝑝= 

0.76μF  n:1:1=7:1:1 are taken. Figure 6 shows 
experimental waveforms of parameter 1 when 
𝑉𝑖𝑛 =500V and 𝐼𝑜=10A and also shows waveforms 
of current 𝑖𝐿𝑟 , voltages across 𝐶𝑝  and  𝐶𝑠 . Figure 7 

shows efficiency waveforms of parameter 1. As the 
load decreases efficiency also decreases. 
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Figure6:Experimental waveforms of parameter 1 
when 𝑉𝑖𝑛=500V and 𝐼𝑜=10A. 
 

 

 

 
Figure10: Experimental waveforms of parameter 2 

when  𝑉𝑖𝑛=500V, 𝐼𝑜=10A. 
Figure 7: Efficiency waveforms of parameter 1  

when 𝑉𝑖𝑛 =500V and 𝐼𝑜=10A.   
 

 Parameter2: 𝑳𝒓=125μH,   𝑪𝒔=0.27μF,  
𝑪′𝒑=0.60 μF  n:1:1=6:1:1 

Parameter 2, with 𝐿𝑟=125μH, 𝐶𝑠=0.27μF, 
𝐶′𝑝=0.60μF  n:1:1=6:1:1 are taken. Figure 7.10 

shows experimental waveforms of parameter 2 
when 𝑉𝑖𝑛=500V and 𝐼𝑜=100A and also shows 
waveforms of current 𝑖𝐿𝑟, voltages across 𝐶𝑝 and 

𝐶𝑠. Figure 8 shows efficiency waveforms of 
parameter 2. Here parameter 2 operates in Mode 2 
and efficiency is high compared to parameter 2 
when load current is 10A.   

 
                                                       

                                 
Figure 8.Experimental waveforms of parameter 2 

when 𝑉𝑖𝑛=500V, 𝐼𝑜=100A. 

 
Figure 9 Efficiency waveforms of parameter 2 
when 𝑉𝑖𝑛=500V, 𝐼𝑜=100A. 
The figure below shows experimental waveforms 
of parameter 2 when  𝑉𝑖𝑛=500V, 𝐼𝑜=10A. Efficiency 
is less compared to when 𝐼𝑜=100A 

 
 
 
 

 
 
 

 
 
 

Figure 11: Efficiency waveforms of parameter 2 
when  𝑉𝑖𝑛=500V, 𝐼𝑜=10A. 

 

CONCLUSION 
A model has developed in MATLAB/SIMULINK. 
Simulations are carried out to examine the 
operation of the LCC resonant converter and verify 
the result. It is observed from simulation result 
that with parameter’s set, it can accomplish good 
efficiency at minimum input voltage and full load. 
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